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AN ANALYSIS OF THE BACK-SCATTERING PPOPERTILS OF A CLUSTER OF CORNER

REFLECTORS AT X-EAND FREQUENCIES

by

/1 t

x " folly 1avr 1ly

It i3!howni

: ,suiyo iei~--.:~t~n ~l~riisof a5:*

0.').5 melros lorij- )]•' _ij aver3 radar cross-:(ecLJon
R greaterý than one (q;afe-rntYeoover a wie range of

lilf.•t angles ,c ,'-wBand frequencies.

S. /

1. INTRODUCTION

In response to a requirement of the Defence Research Establishment
Suffield (DRES), Alberta, a study has been made of the back-scattering

"Iproperties of a cluster of four corner reflectors of the type illustrated in
Figure , .A X-Band frequencies. This cluster, which has a circular back-
plate, is housed ii a sleeve attached to a miss-distance indicator. The

oi• tE, q~~aSm-u-t1uy is Lowed behind an aircraft and tracked by a radar to
provide tracking information for a ground-based gunnery system.

Th'le s.implicicy of the con figuration makes an analytical soltLaioni
fensible. The radar cross-sect ion of a cluster of four square-corner
reflectors of the type iilustrated in Figure 2 is calculated, and an

approximation is used to allow for the effect of the circular back-plate.

i
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Figure 1. oiagqrun of a cluster of corner reflectors with a circular back-plate
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A .:i(qiiarc-corlicr Yel ] cCtoI, which is I I I usI rn t ,d i Figure 3, i s on. oIi
a IaiN I lar class of targets des igned to ma itain a high raidar-echoing efjl-
"clency over a wide rainge of incident :nigl]H. Extensive an]aytica] work on

hte bWn ,-scattri ng prOplerti OSo0 these targets was carried out by Spencer[
in 1944 and later by Robertson1 : n 1947. 'This reflector back--s, atters
incident e-nv gy by (a) a trip1e-refloction process froml .he threeo mutually
perpendicular sides, (b) a double reflection process from two of the corner
surfaces and Q) a single ref~eetion process Ifrem one of tihe corner surfaces.
Thu intensity of this back-scatiered cad Jar ion may be represented by an
equivalent effectLOe bhck-scaLtt ering ;-area whichi is depende•nt on tlie orienta-
tion of the soitre of tne radiation relative to the refJector. Thus, the
corner reflector behaves as though it were a flat reflecting surface normal
to the incident energy and re-radiating energy in the direction whence it
came.

In Section 2 of this report, an expression for the radar CroSs-sctLion
is derivYd iu terms of the effective back-scattering area. The determination
of tiu., efiective back-sni:;ttcri ug airea and radar cross-sect ion for the cluster
in Fligourc 2 is plresontted in Sections 3 and 4. Rose Iuts are presented in
SeCt)on 5 to ii Justratc the hack-sicattering prope•rties ot a cIust L- of four
squar,-corner refluectors at X-Band frequenciess 'Ile results from Section 5
are then used to calculate approximate values6 of the average ra(dar crerss1-
scction of the Cluster in Figure 1.

2. EXPRLSSION FOR TilE RADAR CROSS-SECTION

"The corner reflector is a passive device for enhancing the hock-settLtur-
ing of electromagnetic radiation. It is jmportant to know the directivity
gain, power gain and hence the radar cross-section of such devices if they
are to be used as targets for determining the performance of radar systems.

C
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With respect to the coordinate system in Figure 4, the power gain
G(6,¢) and the directivity gain DQ9,q) are related by[3]

G = n D(0,Q) (I)

where

0 = azimuth angle

Selevation angle

n= efficiency parameter.

The efficiency parameter, q, takes into account the reduction in power
delivered to the radiator due to ohmic and mismatch losses. In this report,
n is assumed to be unity and therefore G(0,q) = D1(0,). This assumes that
the corner reflector has no power losses, that is, it has zero surface
absorption. The power gain may be defined as the ratio of the maximum radia-
tion intensity (power density) from the subject radiator to the radiation
intensity of a lossless isotropic radiator with the same power input. Since
the corner reflector behaves like a flat reflecting surface normal to the
direction of the incident energy, its power gain G(0,) relative to a lossless
i~otropic radiator is the power gain of a uniformly illuminated aperturel"]
given by

4-nA (0,)
c(0,0 = (2)

whcre A,(n,0) is the effective back-scattering arca of the aperture and A is
the free-space wavelength. The radar cross-section o(0,4) may be determined
from equation (2) giving

4r[Ae (O,;)1]2

O(0,y) = GA (0,0) X (3)

The parameter a(0,4) may be used in the Padar equation[] together with the
given set of radar system parameters in order to calculate the performance to
be expected of the radar as a detection or measurement device. Therefore,
such problems involving corner reflectors reduce to the calculation of the
effective back-scattering area as a function of the direction of the incident
energy. p

0#

A

Fym 4, Spherical cooudirrate system defining 0 and P

Ai
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3. DETERMINATION OF THE EFFECTIVE BACK-SCATTERING AREA

The effective area of a correr reflector due to back-scattering may be
written as the su (ol of three termsA

(1) , (2) , (3)
A A i C ( (

where
A (1)w(h,,) = effect-xo area due to oetc rexleetlon o0]1yA

(2)A (i,,,) CffCctive ar'ea, ducl two rfcllct ie)m, an1id

A (3)
•,, (a, ) = Clfcctive" ;aea dILue Lo Lti le re Jcc ti Jn .

In the computation of equation (4), the relative phases amoog /xe(1 )
C Ae(2)o(0 and A..(3)-(2,, shall be A mnored. Therefore, Ae(U, c) becomes the

average of the effective back-scattering area in the ncighbourhood of 0 and
p. Expressions for A. 1 ) (0,4), A(2)(0,,) and A, 3 )(Dy) are derived in this

section according to the coordinate system given in Figure 4.

3.1 EFFECTIVE BACK-SCATTERING AREA DUE -O ONE REFLECTION

An e:rpression for the effective area due to one reflection from a
surface of the corner reflector will be derived. Since this is important
only at near normal incidence to the surface under cnnaqidezr.ifinaD, the rh rsece
of the other surfaces may be ignored. Figure 5 illustrates the geometry of

ki the situation, Here, OD1,;F is a square surface with sides of length a on rte
OAB plane; P is the position of the radar whitere r-d Jat con is emi.tted and
scattered radiation is measured; Q is a po.nint scatter er on the surface o0)1iK.

The effective area due to back-scattering frum surfacc 0D1)F may be
written as a double integral

a a

(1 (0,P) = K \ exp{.j[Lat - 2 - J dud12) (5)I
0=0 

A

whe r e

K = scale factor to be determined later,

S= carrier frequency in radians per second,

t = time parameter,

P- = position vector for point P = (Rcest cosO, Rcost sinG, Rsint),
relative to origin 0,

r = position vector for point Q = (a,3,0), and

(a,G,0) = coordinates of point Q on surface OIEF.

..... .... .A
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Figure 5. Diagiam for calculating the dependence of A (1()(o)--0,q,)/a2 on (J)

The term 21 \ - -r represents the distance travelled by electromagnetic

radiation in its round trip from P to Q and

In practice, IR, >- 1 and therefore one may write

R - {[ = {K coso cosO - o12 + [R cost sin0 - •]2 + R2 sin2'}½ (7)

[R2 - 2R (a cosý cosO + ý cos4 sine)]½ (8)

SR - (a cos4 cosO + • cos€ sin,). (9)

Thus,
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A (1)(0,0) K expfJ[ut--y--jh exptj[4T(ocos~cos0+flcossin0)]Idadý (10)

,=O fl=0

Ka -X '•-t + -+ Cosq, COS - cosq, sin0](

s'Jln('"a o;q tO"'s' O.'/,\) ,inl(2nI cosi' sjn0lt'/,A) (

211a cos'Op cosn;l/A 211a cosq.')- in ./

Sin ice one is only interest ed in the mjgiglitdide ol Ae (1) ( 1,Q,) , tihe ph ase I•/Ic [o17
on the right hand sAdC of equation (11) ny be igiltl-ed Mnd Lic malnitudc of
tile reaa.inde taken. The COnst ant , K, is Utyl. ill tilh CatSe O f ZUro .'-irface
absorption bcaCiuse one must ],ave

A e()(0=0, q,=90) = a", if q =. (12)

Hence, in general

A (1)(,ý) = a- sin (2ra cosq, cosC/X). sin (2T1a cosq, sin0/A) (13)e I 271a cos4 cos0/A 2•ia cos4 siniO/(

A plot of A e(l)(0=0,)/a2 as a function of 2-1a cosj/), is presented in Figure
6.

3.1.1 Effective Back-Scattering Area Due to One Reflection From Cluster
Surfaces

Using tho solution for one reflection given in equation (13) as a guide,
Ltie Lflfective back-scattering area due to one reflection from the cluster
surfaces of Figure 2 may be expressed as,

A (1)_(0,•) = 4a 2  sin(4Tra cosp cos0/A,) sin(47,a cosp sinO/?.)
e 47Ta csq, os/s 417a cosq sinO/- I

.[1 + sign (s~inp)]

2

+ 2a2 sin(2-,a cost cose/A)_ sin(2ra sinO)
2sa cos4 cosO/A 27a sin4

+ 2a" sin(2sa siný/A) sin(21Ta cosp sinO/()1

27,a sin/X/ 2,7a cosO sin0i/ (14)

The first term in equation (14) is the effective back-scattering area
trom the surface on the OAB plane. It has four times the physical area of
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Figure (G. Plot of A .11)(0=0,01/a' as a function of 27Ta cuos/ý,



one s;urfac(e of an individual corner re' ector. Th.. second termn is tie-effective back-scatterinig area~ fIron two surfaces on the OAC plane, eachlhaving twice the physica-l arva of one surfa-.ce of an fndi~vidual corner
ref]L-Lcor. Tlie- third terin, which is S inlilar to the SeCond term, is theelffe,:LjVe back-.-cattering airea from two surfaces on the Gilt plane. Theofactor [1 + sign(sinq) j/2 has been1 included in the first term of equation(14) Since We Lire ]lot intierested i 1 back-scattering of eicctroviagnetic
energy from the reverse side of the cluster.

3.2 [FFL[dIVE BACK-SCATTERING AREA DU[ TO TWO REFLECTIONS

[he ý 1 c t yeV bc )ZCk - ; I t Le(Ie i 1iig :1 r e: d ue(- tO I o we id le t c iL i t CIroi I I:
ecue - Yi I Lýe J 01r L'Iti lie C11 a (i I at td~k III tcr[lwS i lof ~ (h I~h , -c L ' i' jI ii I Loilli

Ii lp-i~ . 'HwI ie rt Ir throk, (ip-ljita; ill fii-tliti rt11 I I_0 Te ilit'sae :5~ci thuse dip] int! 'ie J, abel )Ued OA, Oil and] ()(. inl 1i gore 7. I'iht del i lit ion Wl
the rena in log SyiiOihlS ill Lliii tilgure are- ns follows:

P =ptosit ion of thu radair

OSý unit Vce t or along1)1 O

01i = p-ro] ctlion of US oii to Liii- 013C r lane

= angle between 013 and OT

-<cs~cosed, cos4a.s.InO, siii4,) dIciIi t-L.LO cosýines ot OiS.

A7

L)/
u;1,E/
C'/

SI/

T

B/

F i m v 7 . D iz g i -n f o r c a c u ati iU th d e e n e n u o A e 2 ý 0 ý 0 4 )/ z 2 n/
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The effective back-scattering area due to Lwo reflections from the
diplane with scam axis OA will be derived here. The effective back-scattering

areas due to diplanes with seam axes OB and OC can be determined from the

result with seam axis OA by permutation of the direction cosines.

According to the analysis of R.C. Spencer in Reference[L', effective

hack--scattering area due to thLe diplap.e with seam axis OA may be written as

a product of two terms.

2a sin o' 00 4 < 450)
(2) (01,t) =a sin(211a cost eosU/h% 2 kn9-p) 5-• Q (15)

•2a s~in(90-ý),450 < g,< 90° 15

;iea cost cos/X , Iotherwise

The factor inside the absolute value sign in equation (15) ;s a differaction

pat tern dependent on the length of the diplane and the (irection cosine on
the se-m axis OA. 'io understand how this di fract ion pattern arises, it is

sufficient to note tHit the diplane may be divided into a large number of
strips pnrallel to the OA axis, each strip contributing to the diffraction
pattern in equaticn (15). Tfhei second term represents the effective back-
scattering area of the diplane for normal incidence on the seam axis OA,
Taking note that

sinyvJ = (sin s in (16)
(cos2ý sL~nýO -+ sin 2ý)"

sin (90-Y) =cosi

_ , (17)
(cos~t sin 2 0 + sint)j

and

cost coso, s7n4 > 0 if, and only if 0" < 0, < 90' (18)

equation (15) may be rewrilten as

A (2.)sin(.:acoscos/=/ a smal1r of [ ,.sii0, sinjj_A ()(0, t) =2a 2  2, osc.•/ " (,o--s:'tsfnYo+sq,-l:,,, nH

e OA 2iiacoste~osfl/%.

j+ i~ inrJ Ko(sinljJ+
2 

2

S(2)(=goo, t)/a' as a function of •, that is, when
(S is perpendicular to the seam axis OA.

3,2.1 Effective Back-Scattering frea Due to Two Reflections From Cluster
Surfaces

In the cluster of Figure 2, there are effectively eight diplanes of
which two are associated with scam axis OA, two are. associated with seam

axis OL and four are associated with seam axis OC. Using the solution given
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Figure 8. Plot uo A( (2) (J -90,p)/,-) as a lulmctIton Uv

in equation (19) as a guide, the effecLive back-scat teriug area due to two
reflection.,; at the cluster surlaces may be written as

A (2 , ) S _ 'acos 7 c as ().~,.jO /, I ) ;Imlzl oofI A ~ Qsj' Y1f 0 m;

S, A ( 2 ) ~ ~ ~~(0 , 0 ) = 4 a :• - , - " _ _ . . .... .-- I '4Iaco'~U'b•t'C• /A /t (eos ' ¢s i •' +:-l n:,j,,)!• • I.
[1 + sigjn(sin)]

2

sin4Trcossin/ý,jSsmaueor of [Icos~cos6l if
4 Nacosisino/A p (cos-Tcos,0+sin2-4)

.ll + sl 1n(1 in dj) ;

Ss,,(2;iranq/x,) ,,,-ier or co-spcosuKlcosr ýoin+ 2 1rasinO c (20i

The first term in equation (20) is the effective back-scatteringarea due to diplanes with seam axis OA. These diplanes have lengths 2a
along the seam axis. Similarly, the second term is the 'effective back-scattering area due to diplanes with seam axis OB. The third term is theeffective back-scattering area due to diplanes with seam axis OC. Thirfunction [i+sign(sinq,)]/2 is included in equation (20), since we are
interested only in back-scatteiing from the front of the cluster.

, = 
_.__.....--_Lii_
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3.3 [ FFLCI-IVL BACK-SCAT-1.1 IN( ARIA I)UL 10 1IlIRiI RL[LLCl() 1iS

An tii jxrt,:i ion i I O- t lie cI I cc I I Vt l;a ck -scaI Lur I I :1 ;I re (I t t' I bri t
rcf I I.c t ions-i f ll a CornC) r I (. I .ccL ' May be foutnd in iR le ruc ' c[ ]]. It) the

present report, it shall be wlitten as

(3, fo. < 0
A (3)(0,q,) = 4a:2 zm/n , £ > 0, m < n/2 (21)

w e a 2
z(4 - n/m), k > 0, m > n/2

where i

k. smallest: of [cos~cosO, cosn sine, sin9] (22)

n = largest of [cos{ co.O, cos{ sinG, sine] (23)

inI remainder of [cosp, cosO, cosy sin 0 , sine] (24)

or m cos4) cosO + cosq, sini, + sin4 - 9 - n, (25)

for cos4) sinG, sin45 > 0 if, and only if 00 < 0, 4 < 900.

It can be shown that the maximum value of A (3)(i,4) will occur when
e

k = m = n = i/13 (26)

resulting in a maximum value of the effective back-scattering area due to A

three reflections:

A (3)(0,) a2 /3 (27)

The direction at which this maximum occurs may be determined from equations

(22) - (24). The resulting values for 0 and 4 are 45.00 and 35.26' respec-
tively. Figure 9 show plots of Ae (3)(0,4)/a 2 as a function of 0 for various

values of 4. For fixed values of 4) the effective back-scattering area due

to three reflections reaches a maximum at 0 = 45.0'. As stated earlier, this

maximum is largest at 4 35.26'.

3.3.1 Effective Back-Scattering Area Due to Three Reflections From
Cluster Surfaces

Using the result for thruc reileccnions given in equations (2]) - (25)
as a guide, the effective back-scattering area due to three reflections fromn

the cluster surfaces in Figure 2 may be given as

(3)0, X < 0

A ( O)ld,,•) 4a;' , > 0, m < n/2 (28)
;"'Z(,-n/m) , . 0, i n/2

where

. = smallest of [jeos4 cosol, Icos4 sin0o, sinq'] (29)

n - largest of [icos4 cos0l, lcos. sinol0, sine] (30)

_ _ __ _ _ -

aI
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2.0- = -35.26°

1.5-

0-

0 10 20 30 40 50 60 70 80 90
9 DEGREES

Figu, 9. Plot of P- (3)(041ah as a ftidctia) of 0 to! vatious values of 0

mi remninder of [!cosp cosOl, 2oose sinG], sinf] (31)

for all values- of 0 and sin4' > 0 if, and only if 0' < 1 z 1800.

4. DETERMINATION OF THE RADAR CROSS-SECTION FOR A CLUSTER OF
CORNER REFLECTORS

In equation (3), the ridar cross--section is given in terms of 0 and 4 as

4nr[A (0,,) j"
o (0, 0 (32)

where

(1.)(2) (3)A (0,4)) = A (0,4) + A (20,) . A (0,4). (33)
e!

Parameter o(0,€), which has the dimensiuns of area, may be expressed in
decibels relative to a one square-metro target as

o(0,4) dIBSM = 10 log1 0[(o(0,D)/ 1hM] (34)

provided A (0,4)) and X2 are expressed in square metres.
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In the results to be presented in Section 5, plots are made of the
radar cross-section in decibels relative to a one square-metre target accord-
ing to equation (34) for the clnst,.r illustrated in Figure 2. Since this
cluster of four corner reflectois is syi.mmeLrical about- axes GA and OB, one
can verify that

o(o,o) = (90 + 0, .)

= (90- 0, 4) . (35)

Thus, we need only plot o(,q),) or 0' < 0 4?° since beyond this range (o(u, )
repeats.

5. DISCUSSION OF RESULTS FOR A CLUSTER OF FOUR SQUARE-CORNER REFLECTORS

In the following resu its, p)1 ts ;are made of Lhe raidar cross-sccLion in
d(-cibels relat Live to a one s.,uare-meLre target aga Anst 0 for various Va3lues

of 4, with a = 0.225 metres and A = 0.030 metres. This choice for a is based
on the cluster which is to Lo used by DRES. in addition, plots are made of
the normalized effective back_-scattering areas due to single, double and
triple reflections which give rise to the plots of the radar cross-section.
Since the relative phases of the multiple reflections at the corner surfaces,
have been ignored, the result for the radar cross-section is the same as the
average of many measurements In the neighbourhood of (0,4).

Figure 10 shows a plot of the radar cross-section in decibels as a
function ot 0 for a value of 4 = 35.26' for the cluster of four square-corner
reflectors in Figure 2. Figure 11 show plots of the individual effective
bac,,-scattering areas which gave rise to the total radar cross section in
Figure 10. It may be noted that the major contribution to the total radar
cross-section when 0 = 0.00 is through two reflections; the contribution due
to one reflection being insignificant. However, as 0 increases, the resultant

effective back-scattering area due to two reflections decreases but that due
to three reflections increases and peaks at 0 = 45.00. At this value of 0,
the resultant effective back-scattering area is due almost entirely to three I
reflect ions.

.a pLOL ul (U,q) dbSM against 0 for a value of 4 = 0.00.
Figure 13 show plots of the individual effective areas which gave rise to
the results in Figure 12. It may be noted that when 0 = 0.0', the effective
back-scattering area is due to one reflection from the cluster surface on the
OC plane. However, as 0 increases, the effective back-scattering area due
to one reflection decreases but that due to two reflections increases and
peaks at 0 = 45.0U. At this value of 0, the resultant effective area is due
almost entirely to two reflections from the diplane with seam axis 0C.

In Figure 14, wwhare the direction ao the radar is perpendicular to the
surface of the cluster on the OAB plane, o(0,r=90) remains constant for all
values of 0. This result is to have been expected since in this direction,
a square, flat surface is observed which has four times the area of any one
surface of a single corner reflector, in turn reflecting a constant amount
of energy through one reflection for all values of 0. The effentive back-

________________ ______



scattering aradue tO onle reflection- whIchl gaive rjse to_ 11wQ result- ill 1igtde:
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As a further example of tue, way in which electromagnetic: energy is
back-scattered from this cluster, Figure 16 shows, a plot of the radar crosis-
section Jn decibels relative to a one square-metro ta-rget against ý at 0=
45.00. Figure 17 show plots of Individual lxack-scattering areas due to
single, double and triple reflections which gave rise to the r-es-UILt ii)

Figure If. When 0.0', the resultant effective area is due to two

reflectionis from the diplane surface with seam ax-is OC. However, as 4,

increases, the effective area due- to two refleCt~ioits decreases because of the(-

i
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diffraction effect hut the eflective area due to three reflections increases
reaching a peak at , - 35.26'. As 0 continues to increase, the effective
area due to thrce reflections decreases, reducing to zero wi.en 1, = 90.00. At
this value ol 4,, the resultant effective area is due to one reflection from
the surface of the cluster on the GAB plane. These results are instructive
in that they Illustrate the dependence on q, of effective back-scattering
areas due to single, double and triple reflections.

5.1 DISCUSSION OF RESULTS OF WHE AVERAGE RADAR CROSS-SECTION FOR A CLUSTER OF
FOUR SQUARE-CORNER REFLECTORS

Generally, the average radar cross-sect ion is a1 us ul measure Of the
ability of the cluster to reflect electromagnetic energy hck to the Source.
Figure 18 shows a plot of tLe average radar cress-sect io Onv(4,) in dtcibeJs
relative to a one square-metre target (averaged over one revoeution in 0)
against 4. It may he noted from these results. that this cluster has an
average radar cross-section which exceeds that of a one square-metre target
over the enLire range of q. When ' = 0.0', the average radar cross-section
is dlc to an. rFileccion from tlhe si•rfnces on the DAG and GBC planes arnd from
two ruflections from dip]a;nuis with sean axis )G. When 0 = 90.M°, the resul-
tant average radar cress-section is due to one reflection from the surface on
the GAB plane. In the remaining portion of the plot, the resultant average
radar cross-section is due to a combination of single, donole and triple
reflections.

6. CALCULATION OF THE AVERAGE RADAR CROSS-SECTION FOR THE CLUSTER
ILLUSTRATED IN FIGURE 1

3n Figure 19, a cluster of corner reflectors of the type illustrated in
Figure 1 is superimposed on a cluster of four square-corner reflectors. When
the direction of the radar is perpendicular to the OAC plane (i.e., 4 = 0.00),
the physical areas of both clesters are identical; therefore, the average
radar cross-section for both clusters will be identical, When the direction
of the radar is perpendicular to the GAB plane (ie., 4_ - 90Q0Q), a circular
plate and a square plate are observed. The physical area of the circular
plate is smaller than that of square plate by a factor of n/4. Consequently,
the average radar cross-section due to the circular plate will be smaller
than that due to the square plate by this factor.

Let the average radar cross section o ,,C ,(q,) for the cluster illustrated
in Figure I be given in terms of the average radar cross-section oAV(Y) for
the cluster illustrated in Figure 2 as

OCIRC( )
M = K(40) CA.T ( 4) (36)

We know that

K(4') 1 for 4, 0.0', (37)

and
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KQ) = (71/4)2 for =90.00 (38)

For other values of II, K(,) is not known. We now make the assumption that

K(ý) decreases linearly from unity to (7,/4)-) as 4, changes from 0.0 to 90.00

that is,

1 + •0 (72/16 - 1). (39)
90

With this expression for K(4)), average values of radar cross-section may be

determined for the cluster of corner reflectLors ill ustrated in Figure 1 fr7om

average values of radar cross-section for the cluster of square-corner

reflectors illustrated in Figure 2. A plot of K(4) In decibels against i is

shown in Figure 20.

Figure 21 shows a plot of the averagt, radar cro.-is section llci(-R(Y) ift

decibels r-Cilat ivc to a()a o e S qI'uaLr -IaC'true t a ,rgt for thie (1us ter ii Ins trated;

in Figure I froi1 l V l m',I ; ,,f U I) fo r the cluester i ] lustrat ted In Figure 2

accord iag to equat Jim (3o) I. It mly hw noLted Lta;IL lh is; eli astelr lis ;a ;averlage

radar cross --sec kL im i wI lc h ex ,eed. s thl;It o f I | (III s' i a 0liJ -lttiCL l- t;lrge L ov er ,a

very large port ion of the range of angi's; iJfl '.
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7. SUMMARY AND CONCLUSIONS

It has been shown that the resultant effective back-scattering area of
a cluster of four square-corner reflectors may be decomposed into thie effec-
tive back-scattering areas due to sing]e, double and triple reflections.
From the computation of the effective area of this cluster, approximate
values of the average radar cross-section have been determined for the cluster
of corner reflectors with a circular back-plate. These results show that, for
corner reflectors having sides of 0.225m length, the radar cross-section
exceeds that of a one square-metre target over a wide range of incident
angles at X-Ban. frequencisL . The resul ts presented in this report apply to
the case whiere free-space propagation ljfreva i].s and t(liefore do 110t ieu111(e
the efiects of m1ll t ipathi and other transmission anoiimal it-s w icli arn sk in

prac t ice.
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